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Abstract 
 
 
This project developed a prototype multi-axis automatic welding system with adaptive control 
and tracking for use on in-service welding repairs on liquid and gas transmission pipelines.  The 
system is capable of deploying either gas metal arc welding (GMAW) or flux cored arc welding 
(FCAW) to weld pressure-containing sleeves (Type B), to weld reinforcement sleeves (Type A), 
or to directly deposit a layer of weld over an area to replace metal loss due to corrosion.  This 
report is a summary of the technology demonstration workshop at Edison Welding Institute in 
Columbus, Ohio.  The objective of the workshop was to disseminate the project results to the 
pipeline industry. 
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1.0  Introduction 

 
This project was funded by the U.S. Department of Transportation Award No. DTRS56-
03-T-0009 (EWI Project No. 46996GTH), Pipeline Research Council International (PRCI) 
Contract No. PR-185-04501 (EWI Project No. 47451CAP), and EWI Project No. 
46256CSP, which was funded via a subcontract with Cranfield University who was 
funded by PRCI.  The project team was lead by Edison Welding Institute (EWI) in 
collaboration with TransCanada, Cranfield University, Serimer DASA, and Bug-O 
Systems with oversight provided by DOT, PRCI, and PRCI member companies. 
 
The objectives of the overall project were to develop and build a prototype automated 
system for corrosion repair welding operations on in-service liquid and gas transmission 
pipelines that incorporates a real-time adaptive control system (to ensure reliable 
welding conditions) and to validate the system by performing a field trial. 
 
The automatic corrosion repair system (ACRS) is capable of deploying either gas metal 
arc welding (GMAW) or flux cored arc welding (FCAW) to weld reinforcement sleeves 
(Type A), to weld pressure-containing sleeves (Type B), or to directly deposit weld metal 
over an area to replace metal loss due to corrosion.   
 
When a full encirclement sleeve (reinforcing or pressure-containing) is installed on a 
pipeline, the two sleeve halves are held in place with a series of chain clamps.  Tack 
welds are then made in between the clamps.  When sufficient weld metal is deposited to 
hold the sleeves in place, the chain clamps are removed.  In the voids where the chains 
were removed, welds are then added to complete the root pass of the joint.  At this point, 
a manual welder currently adds a number of fill passes to build up the weld layer by 
layer until it reaches the required weld size.  The ACRS is designed to make the fill 
passes after the root pass is completed. 
 
The ACRS incorporates real-time adaptive control to ensure reliable and repeatable 
welding conditions.  The real time control is based on a laser vision system that was 
developed by EWI originally for pipeline corrosion measurement and assessment.   
 
The prototype ACRS required software development for a number of systems, which 
needed algorithms to perform task specific activities and software to allow them to 
interact with each other.  Software was developed for the following systems/activities: 

• Laser scanning of the pipe surface. 

• Laser seam tracking during longitudinal welding. 

• Motion control of welding tractors and hardware. 
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• Integration of the system with the operator interface. 

• Remote (i.e., wireless) operator pendant control. 
 
The ACRS will provide higher quality repair welds as compared to manual shielded 
metal arc welding (SMAW), which is current industry practice.  It will also permit in-
service repair welding to be extended to future high strength and/or high pressure 
pipelines where manual SMAW repair welding is not suitable.   
 
Weld qualification testing was conducted with GMAW and FCAW to determine if X80, 
X100 and X120 pipeline steel could be acceptably welded under simulated in-service 
pipeline conditions.  The results from the destructive testing and metallographic analysis 
show no evidence of hydrogen cracking.  The low diffusible hydrogen levels (below 4 
ml/100g), and the low hardness values (below 350 Hv) both indicate that hydrogen 
cracking is extremely remote using these welding consumables, welding heat input 
levels, and cooling conditions. 
 
However, the procedures did not produce acceptable welds, because of lack of fusion 
defects that were detected during nick-break testing and subsequent metallographic 
analysis.  The lack of fusion defects were attributed to using too large of a weave pattern 
while depositing the root pass.  This can be avoided by using a stringer bead for the root 
pass, which will allow the arc to penetrate into the corner to completely fuse the root.  
The two fill pass welding parameters produce sound welds and can be used as a basis 
for future weld procedure development and subsequent qualification testing with any of 
these consumables as evinced by the results of the destructive testing and 
metallographic analysis. 
 
The prototype ACRS was tested under controlled field conditions at the TransCanada 
Construction Services facility in North Bay, Ontario Canada.  TransCanada prepared a 
30-in. (762-mm) diameter by 13-ft. (3.96-m) carrier pipe with a reinforcing sleeve (Type 
A) and a pressure-containing sleeve (Type B) attached to the pipe with completed 
longitudinal root passes.  The ACRS successfully made three different types of welds:  
Type A sleeve longitudinal fillet welds at the 3 o'clock position, Type B longitudinal V-
groove welds in the 3 o'clock position, and Type B circumferential fillet welds from 6 to 
12 o'clock positions. 
 
The prototype ACRS was then modified slightly with lessons learned from the field trial 
and demonstrated to twenty-two people from thirteen organizations who attended a 
workshop at Edison Welding Institute.  The ACRS was demonstrated for two different 
types of welds:  overlapping Type B longitudinal V-groove welds in the 3 o'clock position 
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and a weld deposition repair of a simulated corrosion patch in approximately the 2 
o'clock position. 
 
Many welding equipment manufacturers sell systems for production pipeline welding, but 
none currently make systems for automated welding repair.  The number one concern of 
the workshop participants was the lack of people (qualified or otherwise) to replace their 
retiring welders; the average age of which is upwards of 55 years old.  The ACRS has 
the potential to enable a repair welder to multi-task (e.g., while the system is welding, the 
welder could be fitting or tacking the next sleeve).  As the workforce continues to shrink, 
it will eventually reach a level where pipeline companies are forced to look for alternate 
ways to make the necessary repairs with fewer welders.  The system developed for this 
project fits that niche. 
 
In order to determine a rough order of magnitude cost savings achievable with the 
ACRS, welding costs were estimated for manual SMAW and automated FCAW for a 36-
in. long reinforcement sleeve (Type A) welded with two 0.38-in. fillet welds.  With 
automated FCAW it will take 30 minutes to mount the system on the pipeline and 36 
minutes to make all the fill passes (1.1 hours total) at an estimated cost of $176.00 per 
sleeve.  With manual SMAW, it will take 2.5 hours total to make all the fill passes at an 
estimated cost of $280.85 per sleeve.  The ACRS with FCAW is approximately 2.3 times 
faster and 62% cheaper than manual SMAW repair. 
 
Team members and workshop participants agreed that the potential of the ACRS is very 
promising; however, improvements are needed before it is fully deployable.  The highest 
priority system improvement recommendations include adding through-the-arc seam 
tracking to increase the accuracy of depositing circumferential fillet welds.  As currently 
configured, the circumferential welds must be manually steered on the fly, which is 
difficult because the system hardware is too close to the outside diameter of the pipe to 
allow a good view of the welding arc.  Welding torch accessibility also needs to be 
improved by incorporating a quick disconnect feature and a more robust, straight barrel 
torch designed specifically for an automatic welding system. 
 
The prototype system developed by this project should be further developed with 
commercialization partner Bug-O Systems.  After the unit is field hardened, a series of 
field trials should be conducted on an in-service pipeline to weld a reinforcing sleeve, a 
pressure-containing sleeve, and to make a weld deposition repair. 
 
This report is a summary of the technology demonstration that was conduced on May 
23, 2007 to disseminate project results to the pipeline industry. 
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2.0  Technology Demonstration Workshop 
 
Per the PRCI cost-share agreement, an end of project workshop was held at EWI on 
May 23, 2007 to demonstrate the automated welding system to the pipeline industry 
including pipeline welding contractors specializing in pipeline repair and modifications.  
EWI and PRCI invited their member companies to attend; DOT/:HMSA invited their 
regional inspectors to attend.  Registration was held online via the EWI web site. 
 
2.1 Workshop Participants 
 
Twenty-two people attended the workshop from thirteen companies as shown in Table 1. 
 

Table 1.  Workshop Attendee List 
 

Last Name First Name Organization 
Arthur Christopher The Pipe Line Development Company 
Byrd Bill TD Williamson, Inc. 

Calvert Jevin Marathon Pipe Line 
Cumpston Keith Columbia Gas (Nisource) 

Dick Andy Bug-O Systems 
Drake Donald ExxonMobil 
Estep Gary Columbia Gas (Nisource) 
Keane Sean Enbridge Pipelines Inc. 

Kisasonak Mark Weld Tooling Corporation 
Laudermilt Danny Columbia Gas (Nisource) 

Lee Ken Lincoln Electric 
Lorang Ken PRCI 
Marsh Steve Columbia Gas (Nisource) 
Merritt Jim DOT/PHMSA 
Nelson Frank Bug-O Systems 

Nemergut John Motion Technologies Co. 
Pearce James Enterprise\Acadian Gas 
Schlater Bryan Motion Technologies Co. 

Smith Mark The Pipe Line Development Company 
Thomas Eric PRCI 
Tomsic Douglas Columbia Gas (Nisource) 

Yazemboski Michael PHMSA Eastern Region 
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2.2 Workshop Agenda 
 
The workshop began at 9:00 a.m. and ran until 4:00 p.m.  Seven speakers from EWI 
presented the topics shown in the following agenda (Figure 1).  Workshop presentations 
were followed by a technology demonstration.   The participants then discussed ways 
the system could be improved for field deployment.  In the afternoon, EWI presented the 
results of three other DOT/PRCI co-funded projects.   
 

 
 

Figure 1.  Workshop Agenda 
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2.3 Workshop Presentations 
 
The project overview presentation is located in Appendix A; the welding procedure 
development presentation is in Appendix B, and the evolution of the system design 
presentation is in Appendix C.   
 
As a take away from the event, workshop participants were given a CD with all of the 
presentations and four videos of the system welding during the field trial at 
TransCanada. 
 
 
2.4 Workshop Demonstrations 
 
The system was demonstrated making a longitudinal weld on a simulated pressure-
containing sleeve, a weld deposition repair of a simulated corrosion patch, and the 
circumferential fillet weld of a simulated pressure-containing sleeve.   
 
Figure 2 shows the longitudinal seam weld being setup on the simulated pressure-
containing sleeve.  Figure 3 shows this weld being made.  No videos were shot during 
the demonstration, so the participants could have an unobstructed view of the system 
during welding. 
 

 
 

Figure 2.  Equipment Demonstration Setup for Longitudinal Seam Weld 
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Figure 3.  Demonstration Welding of Longitudinal Seam Weld 
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2.5 Workshop Survey 
 
Immediately following the workshop, EWI conducted a short online survey via 
surveymonkey.com to solicit feedback about the automated welding system, the 
workshop, and future technology transfer workshops.  A print version of the online 
survey is located in Appendix D.  The results and analysis of the survey are located in 
Appendix E. 
 
Workshop attendees were asked if they thought their company will ever use an 
automatic system for weld repair.  The responses to this question are graphically 
depicted in Figure 4. 
 

 
 

Figure 4.  Potential Future Use of System 
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The participants also asked to identify improvements to the current system to make it 
more field deployable, user friendly, etc.  Eight respondents provided the following input: 

• An "absolute" positioning button so you can reference all your welds off of a 
common point. 

• Transmitters to decrease some of the hardwiring, rail system to reduce the 
geared tracking, which I could see becoming a nightmare to keep clean, 
smaller spools of wire that could be mounted directly to, or in close proximity 
to the torch. 

• The current system seems to be at the mercy of the repair site environment 
and appears to be a little setup intensive. 

• Feeder needs to be on the bug or in the ditch top for real world. 

• For weld-deposit repairs: the system should be able to laser scan the 
corrosion, first deposit weld material in the deepest pits, and then go back 
over the entire defect to get the shallow corrosion and to double up the 
deposits on the deep pits. 

• The end of the torch needs to be more accessible, and there needs to be an 
easier system for getting the end aligned with the sleeve. 

• If the laser could scan the edge of the sleeve and automatically align it, that 
would be perfect. 

• There needs to be a way so, once a completed weld pass is made, the 
system moves the torch to the side to allow wire brushing of the weld.  Then, 
with a push of a button, have the torch return to its position, ready to make 
the next bead. 

• Allow the welder more ability to visually observe welding process and quickly 
/ easily make changes to tracking / weld parameters. 

• I believe there are servo type automatic welding systems currently on the 
market with seam searching/seam tracking capabilities that can be adapted 
for pipeline welding. 

• As a casual observer, it looked like the user interface required a lot of manual 
entry.  It would be better if it were more "automatic". 

 
The vast majority of survey respondents rated the workshop as "interesting" or "very 
interesting".   
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3.0  Conclusions 
 
The vast majority of respondents rated the workshop as "interesting" or "very 
interesting".  The majority said length of the workshop was appropriate for the amount of 
material delivered.  Attendee feedback was very informative and will be used to improve 
the next DOT/PHMSA technology demonstration workshop at EWI.  End of project 
technology demonstration workshops are an excellent forum to solicit pipeline industry 
feedback for future pipeline research work. 
 
 

4.0  Recommendations 
 
All future DOT/PHSMA projects should feature an end of project technology 
demonstration to disseminate project results to industry and to solicit feedback regarding 
future focus areas for pipeline research and development. 
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Appendix A.  Workshop Project Overview Presentation 
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Appendix B.  Workshop Welding Procedure Presentation 
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Appendix C.  Workshop System Design Presentation 
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Appendix D.  Workshop Online Feedback Survey 

 
The survey was created and administered online via SurveyMonkey.com.  SurveyMonkey.com 
allows you to create professional online surveys with your web browser.  There is no software to 
purchase; the online survey editor is intuitive and easy to use.  For each question you compose, 
you select from over a dozen types of questions including single choice, multiple choice, rating 
scales, drop-down menus, etc.  The Email addresses of the workshop participants were 
uploaded to surveymonkey.com, which generated the automated Email invitation shown below. 
 
 

 
 
 
 
The following four pages are a print out of the online survey. 
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Appendix E.  Survey Results and Analysis 
 
The participants were first asked to rate the workshop from "not worth my time" to "can't wait 
until the next workshop".  The answers to this question are graphically depicted in  
Figure 5.  The vast majority of respondents rated the workshop as "interesting" or "very 
interesting". 
 

 
 

Figure 5.  Overall Workshop Ratings 
 
 
Workshop participants were asked how EWI could improve the workshop experience.  Eight 
respondents provided the following feedback: 

• The history overview of the project was a great piece of information, but might have 
been a little lengthy.  

• My personal experience was just fine.  There were a few times when there could 
have been a brief explanation of the graphing and how they represented the specific 
data. 
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• I thought the day went well.  The setup - discussion, demonstration, lunch, more 
discussion and open forum seemed to work well. 

• My own fault for not requesting it, but I would have liked to have a package of 
materials summarizing the background / current state of the prototype [before the 
workshop].  This may have provided others opportunity to bring additional questions / 
discussion ideas. 

• Have a video demo of the unit.  It would cut down on time and allow everyone an 
optimal view of the presentation. Video filters are available to allow the video taping 
of welding.  Too much time was spent in the shop setting up the equipment for each 
of the welding procedures. At least with a video, you can make sure the equipment 
works instead of giving a poorly presented live demo. 

• Include more discussion of other cutting-edge technologies relevant to the industry. 

• I did not attend the whole workshop but speaking with people who attended made 
me feel that they were enjoying the experience. 

• More hands on. 
 
Participants were asked if paying $50 for future workshops (to cover food and CDs/handout 
materials) would prevent them from attending.  The majority of respondents would not be 
deterred by a small workshop fee.  Two respondents (15%) gave clarifying statements.  One 
respondent indicated that his company would not charge a person for food (or handout 
materials) if they attended a business meeting at his company.  Another respondent said it 
depends on what the workshop subject was; he probably would pay $50. 
 

 

 
Figure 6.  Would Paying for a Future Workshop Prevent You from Attending? 

 
Workshop attendees were asked if they thought their company will ever use an automatic 
system for weld repair.  The responses to this question are graphically depicted in Figure 7. 
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Figure 7.  Potential Future Use of System 
 
Four respondents provided the following additional feedback regarding potential uses of the 
system:  

• It could be a possibility from a production standpoint. 

• Our company is a manufacturer of the repair sleeves.  There may be an application 
for the system in our manufacturing process. 

• Probably not.  The system we saw has some more development needed before it 
would make acceptable welds.  Plus, it seems to be more ideal for large diameter 
pipelines (those greater than 36-in. diameter). 

• I see automatic systems for repetitive processes (butt welds on new construction).  A 
sleeve installation and corrosion repair is not a process that would be economical.  
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Other factors such as welding inspection (visual, nondestructive) and weld repair are 
also things that limit the use of this type of welding. 

 
During the workshop, participants were asked to identify ways that the current system could be 
improved.  Following is a summary of their input: 

• Protect the system from rain/humidity and the environment. 

• Need to define the level of pipe cleanliness needed for the system to work. 

• Integrate through the arc seam tracking with teach points along the way to define 
starts, stops and intermediate points along the weld joint path. 

• [Need a button to] move the torch away from a circumferential weld to remove slag 
and [then push the button to] move it back to where you left off quickly. 

• Consider snap on bands like CRC bands.  (Will need to determine if the snap on 
bands will support the system weight without slipping.) 

• Decrease system complexity by creating a system with longitudinal welding and 
scanning capability only (not circumferential).  It would decrease system size, setup 
time and be used for longitudinal seams and weld deposition repair. 

• Have the system produce a good quality weld every time. 
 
Based on this feedback, a multiple choice question was designed for the respondents to 
indicate the system features of greatest interest to them.  Figure 8 is a graphical representation 
of the survey responses to this question. 
 



 
 46996GTH 58

 
 

Figure 8.  System Features of Interest to Workshop Participants 
 
Three respondents provided the following additional feedback regarding features of interest: 

• A system that could be set up to do one or the other or both if needed, as versatile 
as can be foreseen. 

• I'm not sure if we would ever use the system, but I think both circumferential and 
longitudinal capabilities would make it more attractive. 

• Seeing the basic features would be nice. 
 
The participants were then asked to identify improvements to the current system to make it 
more field deployable, user friendly, etc.  Eight respondents provided the following input: 

• An "absolute" positioning button so you can reference all your welds off of a common 
point. 

• Transmitters to decrease some of the hardwiring, rail system to reduce the geared 
tracking, which I could see becoming a nightmare to keep clean, smaller spools of 
wire that could be mounted directly to, or in close proximity to the torch. 
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• The current system seems to be at the mercy of the repair site environment and 
appears to be a little setup intensive. 

• Feeder needs to be on the bug or in the ditch top for real world. 

• For weld-deposit repairs: the system should be able to laser scan the corrosion, first 
deposit weld material in the deepest pits, and then go back over the entire defect to 
get the shallow corrosion and to double up the deposits on the deep pits. 

• The end of the torch needs to be more accessible, and there needs to be an easier 
system for getting the end aligned with the sleeve. 

• If the laser could scan the edge of the sleeve and automatically align it, that would be 
perfect. 

• There needs to be a way so, once a completed weld pass is made, the system 
moves the torch to the side to allow wire brushing of the weld.  Then, with a push of 
a button, have the torch return to its position, ready to make the next bead. 

• Allow the welder more ability to visually observe welding process and quickly / easily 
make changes to tracking / weld parameters. 

• I believe there are servo type automatic welding systems currently on the market 
with seam searching/seam tracking capabilities that can be adapted for pipeline 
welding. 

• As a casual observer, it looked like the user interface required a lot of manual entry.  
It would be better if it were more "automatic". 

 
Workshop attendees were asked if they would be interested in hosting an in-service field trial 
once the system is field hardened; three people provided the following input: 

• I'm not sure our pipelines are large enough to support an in-service field trial.  Plus, 
we'd have to get buy-in with the integrity department. 

• Possibility in the installation of one of our company's pressure containing vessels. 

• It would be up to engineering. 
 
Participants were asked to identify the technology road blocks that the gas transmission pipeline 
industry is facing in the next two years that EWI could help with.  Three respondents reiterated 
the feedback that all participants voiced during the workshop: 

• Trained workforce. 

• Qualified labor. 

• More welding personnel. 
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As a final question, the workshop participants were asked to give EWI feedback on any topic of 
their choice.  Three people identified the following technologies as being of interest to them: 

• Underwater magnetic pulse welding. 

• In-process pipe welding techniques. 

• Cutting edge materials joining technology. 
 


